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WKH�$48,/$� SLORW�4R6� ,3� QHWZRUN� >��@��7KH�$48,/$�SURMHFW� HQKDQFHV� WKH�
'LII6HUY�DUFKLWHFWXUH�FRQFHSW�>�����@�E\�DGGLQJ�QHZ�IXQFWLRQDOLW\�IRU�DGPLVVLRQ�
FRQWURO� DQG� UHVRXUFH�PDQDJHPHQW� DV�ZHOO� DV� E\� GHILQLQJ� QHZ� VHW� RI� QHWZRUN�
VHUYLFHV��(DFK�QHWZRUN�VHUYLFH�LV�RSWLPLVHG�IRU�VSHFLILF�W\SH�RI�WUDIILF��H�J��QRQ�
UHDFWLYH�DQG�UHDFWLYH��DQG�KDV�LWV�RZQ�WUDIILF�KDQGOLQJ�PHFKDQLVPV��([HPSODU\�
PHDVXUHPHQW� UHVXOWV� YHULI\LQJ� WKH� HIIHFWLYHQHVV� RI� $48,/$� DSSURDFK� IRU�
SURYLGLQJ�4R6�DUH�DOVR�LQFOXGHG���

��� ,QWURGXFWLRQ�

2IIHULQJ� 4R6� �4XDOLW\� RI� 6HUYLFH�� LQ� ,3� QHWZRUNV� LV� RI� VWUDWHJLF� LPSRUWDQFH� IRU�
,QWHUQHW�6HUYLFH�3URYLGHUV��7KH�$48,/$��SURMHFW�WDFNOHV�WKLV�FKDOOHQJH��DLPLQJ�DW�WKH�
GHILQLWLRQ�RI�D�4R6�DUFKLWHFWXUH�IRU�,3��7KH�SUREOHP�LQYROYHV� WKH�IROORZLQJ�DVSHFWV��
���� QHWZRUN� DUFKLWHFWXUH� DQG� WUDIILF� FRQWURO� �H�J�� GHILQLWLRQ� RI� 4R6� VLJQDOLQJ��
LQWHUDFWLRQ�ZLWK� URXWLQJ� SURWRFROV�� HWF��� ���� WUDIILF� KDQGOLQJ� �H�J�� SDFNHW� VFKHGXOLQJ��
DGPLVVLRQ� FRQWURO� DOJRULWKPV�� HWF���� DQG� ���� PDQDJHPHQW� DVSHFWV� �H�J�� XVHU�
VXEVFULSWLRQ� WR�4R6� VHUYLFHV�� DFFRXQWLQJ�� ELOOLQJ�� HWF�� ���$48,/$�KDV� IRFXVHG� RQ� D�
VXEVHW� RI� WKHVH� WRSLFV�� PDLQO\� FRYHULQJ� DUFKLWHFWXUDO� DQG� WUDIILF� KDQGOLQJ� DVSHFWV��
ZKLOH��IRU�H[DPSOH��WKH�PDQDJHPHQW�DQG�ELOOLQJ�LVVXHV�ZHUH�QRW�FRYHUHG���

7KLV� SDSHU�PDLQO\� GHDOV�ZLWK� WKH� WUDIILF� KDQGOLQJ� LVVXHV� LQ�$48,/$�QHWZRUN��$�
GHWDLOHG�GHVFULSWLRQ�RI� WKH�RYHUDOO�$48,/$�DUFKLWHFWXUH�RQH�FDQ� ILQG� LQ�>�@��7UDIILF�
KDQGOLQJ�IRU�4R6�LV�UDWKHU�FRPSOH[�LVVXH�LQYROYLQJ�D�VHW�RI�PHFKDQLVP�RSHUDWLQJ�RQ�
GLIIHUHQW� WLPH� VFDOHV�� IURP� PLOOLVHFRQGV� �SDFNHW� VFKHGXOLQJ�� WR� KRXUV� DQG� GD\V�
�UHVRXUFH� SURYLVLRQLQJ�� WUDIILF� HQJLQHHULQJ��� $48,/$� RUJDQL]HV� DOO� WKH� WUDIILF�
KDQGOLQJ� DVSHFWV� LQ� D� VLQJOH� YLVLRQ��&XUUHQWO\�� DIWHU� ���PRQWKV� IURP� WKH� VWDUW� RI� WKH�
SURMHFW��WKH�$48,/$�SURMHFW�LV�UXQQLQJ�LWV�ILUVW�WULDO�DQG�LW�KDV�VWDUWHG�WKH�VSHFLILFDWLRQ�
IRU� WKH�VHFRQG�SURMHFW�SKDVH��7KH�WHVWEHG�WKDW�KDV�EHHQ�GHYHORSHG�ZLWKLQ�WKH�SURMHFW�
SURYLGHV� D� JUHDW� RSSRUWXQLW\� WR� VHH� D� UXQQLQJ� FRPSOHWH� 4R6� DUFKLWHFWXUH� >��@���
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��$48,/$��$GDSWLYH�5HVRXUFH�&RQWURO�IRU�4R6�XVLQJ�DQ�,3�EDVHG�/D\HUHG�$UFKLWHFWXUH��,67�
�����������LV�DQ�(XURSHDQ�UHVHDUFK�SURMHFW�SDUWLDOO\�IXQGHG�EH�WKH�,67�SURJUDPPH�



7KH�JRDO�RI�WKH�SDSHU�LV�WR�SUHVHQW�WKH�VSHFLILFDWLRQ�RI�WKH�WUDIILF�KDQGOLQJ�PHFKDQLVPV�
DQG�WR�VWDUW�DQDO\VLQJ�WKH�SURMHFW�UHVXOWV�DQG�WKH�H[SHULHQFHV�WKDW�DUH�EHLQJ�PDWXUDWHG�
LQ�WKH�WHVWEHG��

6HFWLRQ� �� LQWURGXFHV� XV� WR� WKH� $48,/$� DUFKLWHFWXUH� DQG� LQYHVWLJDWHG� FRQFHSWV��
ZLWK� D� VSHFLDO� IRFXV� RQ� WKH� UHODWLRQVKLSV� EHWZHHQ� WKH� WUDIILF� KDQGOLQJ� PHFKDQLVPV�
UHIIHULQJ� WR� GLIIHUHQW� WLPH� VFDOHV�� 6HFWLRQV� �� DQ� �� GHVFULEH� WKH� WUDIILF� FRQWURO�
PHFKDQLVPV�RSHUDWLQJ�DW�WKH�SDFNHW�OHYHO�DQG�DW�WKH�IORZ�DJJUHJDWH�OHYHO��UHVSHFWLYHO\��
6HFWLRQ���SUHVHQWV�ILUVW�H[SHULPHQWDO�UHVXOWV��PDLQO\�FRYHULQJ�WKH�WUDIILF�FRQWURO�DW�WKH�
SDFNHW�OHYHO��)LQDOO\��VHFWLRQ���VXPPDULVHV�WKH�SDSHU��

��� 2YHUYLHZ�RI�WUDIILF�KDQGOLQJ�DSSURDFK�

7KLV�VHFWLRQ�SURYLGHV�DQ�RYHUYLHZ�RI�WKH�$48,/$�DUFKLWHFWXUH�DQG�FRQFHSWV��/HW�XV�
EULHIO\�UHFDOO�WKH�UDWLRQDOH�DQG�WKH�DUFKLWHFWXUH�RI�$48,/$��7ZR�LPSRUWDQW�DVSHFWV�RI�
4R6� DUH� 4R6� JXDUDQWHHV�� DQG� 4R6� GLIIHUHQWLDWLRQ�� ,Q� RUGHU� WR� SURYLGH� 4R6�
GLIIHUHQWLDWLRQ��D�OLPLWHG�VHW�RI�1HWZRUN�6HUYLFHV��16��KDYH�EHHQ�GHILQHG�LQ�$48,/$�
SURMHFW��ZKLFK�UHSUHVHQW� WKH�VHUYLFHV�VROG�E\� WKH�SURYLGHU� WR� LWV�FXVWRPHUV��3UHPLXP�
&RQVWDQW�%LW�5DWH��3&%5���3UHPLXP�9DULDEOH�%LW�5DWH��39%5���3UHPLXP�0XOWLPHGLD�
�300���3UHPLXP�0LVVLRQ�&ULWLFDO��30&��DQG�6WDQGDUG�%HVW�(IIRUW��67'���(DFK�16�
LV�PHDQW�WR�VXSSRUW�D�FODVV�RI�DSSOLFDWLRQV�ZLWK�VXEVWDQWLDOO\�VLPLODU�UHTXLUHPHQWV�DQG�
WUDIILF� FKDUDFWHULVWLFV�� 7KH�1HWZRUN�6HUYLFHV� DUH� LQWHUQDOO\�PDSSHG� E\� WKH� RSHUDWRU�
LQWR�D�VHW�RI�7UDIILF�&ODVVHV��7KH�7UDIILF�&ODVVHV�XVH�'LIIVHUY�EDVHG�SDFNHW�KDQGOLQJ�
PHFKDQLVPV�� )RU� SURYLGLQJ� 4R6� JXDUDQWHHV� WKH� ,63� PXVW� VRPHKRZ� UHJXODWH� WKH�
YROXPH�RI�WUDIILF�VXEPLWWHG�WR�WKH�QHWZRUN��UHJDUGHG�DV�D�OLPLWHG�VHW�RI�UHVRXUFHV��,Q�
WKH� $48,/$� DSSURDFK� WKLV� LV� DFFRPSOLVKHG� E\� D� GLVWULEXWHG� OD\HU�� WKH� 5HVRXUFH�
&RQWURO� /D\HU� �5&/��� 7KH� 5&/� FRPSRQHQWV� DUH� WKH� (QG�XVHU� $SSOLFDWLRQ� 7RRONLW�
�($7��� ORFDWHG�DW� WKH�HQG�XVHU� VLWH�� WKH�$GPLVVLRQ�&RQWURO�$JHQW��$&$��� ORFDWHG�DW�
WKH�HGJH�RI� WKH�QHWZRUN��H�J�� LQ� WKH�(GJH�5RXWHUV���DQG� WKH�5HVRXUFH�&RQWURO�$JHQW�
�5&$��� ZKLFK� LV� ORJLFDOO\� D� FHQWUDOL]HG� HQWLW\� ZLWKLQ� WKH� QHWZRUN� LWVHOI�� 7KH� 5&/�
HPEHGV� GLIIHUHQW�PHFKDQLVPV� WR� UHJXODWH� WKH� WUDIILF� DW� GLIIHUHQW� WLPH�VFDOHV�±� ,QLWLDO�
3URYLVLRQLQJ��'\QDPLF�5HVRXUFH�3RRO� DQG�$GPLVVLRQ�&RQWURO��1RWH� WKDW� LQ� WKH� ILUVW�
SKDVH�RI�WKH�$48,/$�SURMHFW��WKH�IRFXV�LV�RQ�4R6�LQ�D�VLQJOH�GRPDLQ��

/HW� XV� QRZ� WXUQ� RXU� DWWHQWLRQ� RQ� WKH� WUDIILF� KDQGOLQJ�PHFKDQLVPV� LQ� $48,/$��
7UDIILF�KDQGOLQJ� LV�XVHG�KHUH�DV�D�JHQHUDO� WHUP� IRU�D�VHW�RI�FRRUGLQDWHG�PHFKDQLVPV�
RSHUDWLQJ�DW�GLIIHUHQW�WLPH�VFDOHV��

�� 7UDIILF�FRQWURO�UHIHUV�WR�WKH�PHFKDQLVPV�RSHUDWLQJ�DW�PLOOLVHFRQGV�WLPH�VFDOH�
OLNH�SDFNHW�VFKHGXOLQJ��SROLFLQJ��TXHXH�PDQDJHPHQW��

�� $GPLVVLRQ�FRQWURO�UHIHUV�WR�WKH�DOJRULWKPV�WR�GHFLGH�DERXW�WKH�DFFHSWDQFH�RI�D�
QHZ� IORZ� LQ� WKH� QHWZRUN�� RSHUDWLQJ� DW� WKH� WLPH� VFDOH� RI� VHFRQGV� WR� WHQV� RI�
PLQXWHV��

�� 5HVRXUFH�3RROV�UHIHUV�WR�WKH�DOJRULWKP�IRU�VKRUW�WHUP�UHVRXUFH�UHGLVWULEXWLRQ��
WR�FRSH�ZLWK�ORFDO�IOXFWXDWLRQV�LQ�RIIHUHG�WUDIILF��RSHUDWLQJ�DW�WKH�WLPH�VFDOH�RI�
WHQV�RI�PLQXWHV�WR�KRXUV��



�� 3URYLVLRQLQJ�UHIHUV�WR�WKH�DOJRULWKP�IRU�PHGLXP�ORQJ�WHUP�UHVRXUFH�DOORFDWLRQ�
DQG�UHGLVWULEXWLRQ��RSHUDWLQJ�DW�WKH�WLPH�VFDOH�RI�KRXUV�WR�GD\V��

�
7KH�UHODWLRQVKLSV�DPRQJ�WKHVH�ORJLFDO�FRPSRQHQWV��3URYLVLRQLQJ��5HVRXUFH�3RROV��

$GPLVVLRQ�&RQWURO�DQG�7UDIILF�&RQWURO��DUH�EULHIO\�GHVFULEHG�LQ�WKH�IROORZLQJ��$�YHU\�
KLJK�OHYHO�YLHZ�RI�WKH�SURFHVV�WKDW�HQDEOHV�4R6�LQ�WKH�$48,/$�DUFKLWHFWXUH�LV�VKRZQ�
LQ�)LJ����ZKLOH�)LJ����SUHVHQWV�D�VLPSOLILHG�SLFWRULDO�YLHZ�RI�WKH�UHODWLRQVKLSV�EHWZHHQ�
WKH�GLIIHUHQW�PHFKDQLVPV��0RUH�GHWDLOV�DUH�SURYLGHG�LQ�WKH�QH[W�VHFWLRQV���
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�
7KH�3URYLVLRQLQJ�SKDVH�LV�UXQ�RII�OLQH�EHIRUH�WKH�QHWZRUN�RSHUDWLRQ��DQG�JLYHV�WKH�
UHTXLUHG� LQSXW� WR�WKH�5&/�HOHPHQWV�DV�ZHOO�DV�FRQILJXUDWLRQ�YDOXHV�IRU�VHWWLQJ�WKH�
URXWHU� SDUDPHWHUV�� 7KH� LQLWLDO� SURYLVLRQLQJ� DOJRULWKP� WDNHV� DV� DQ� LQSXW� JOREDO�
LQIRUPDWLRQ� DERXW� WKH� WRSRORJ\�� WKH� URXWLQJ� �FRVWV� RI� OLQNV��� WKH� H[SHFWHG� WUDIILF�
GLVWULEXWLRQ� EHWZHHQ� (GJH� 5RXWHUV� IRU� HDFK� 7UDIILF� &ODVV�� DQG� DQ\� IXUWKHU�
FRQVWUDLQWV� RQ� WKH� OLQN� EDQGZLGWK� VKDULQJ� EHWZHHQ� 7&/V�� ,W� SHUIRUPV� D� VRUW� RI�
JOREDO�FRPSXWDWLRQ�DQG�SURGXFHV�DV�RXWSXW���
�� WKH�H[SHFWHG�DPRXQW�RI�WUDIILF�IRU�HDFK�7UDIILF�&ODVV�RQ�HDFK�OLQN��FDOOHG�

SURYLVLRQHG�UDWH��7KLV�LV�XVHG�IRU�WKH�URXWHU�FRQILJXUDWLRQ��L�H��WR�FKRVH�WKH�
DSSURSULDWH�VHWWLQJ�IRU�WKH�VFKHGXOLQJ���TXHXLQJ�SDUDPHWHUV��:)4�ZHLJKWV��
:5('�WKUHVKROGV��DW�HDFK�URXWHU�LQWHUIDFH��

�� WKH�$GPLVVLRQ�&RQWURO�/LPLWV�IRU�HDFK�7UDIILF�&ODVV�DW�HDFK�(GJH�5RXWHU��
7KLV�LV�XVHG�E\�$&�DOJRULWKPV�GXULQJ�WKH�RSHUDWLRQ�SKDVH���

�� 'HILQLWLRQ�RI�WKH�5HVRXUFH�3RROV�VHWV��53�ZLOO�EH�GLVFXVVHG�LQ�VHFWLRQ�������
�
7KH�7UDIILF�&RQWURO�PHFKDQLVPV�GHILQH�KRZ�WKH�SDFNHWV�RI�WKH�GLIIHUHQW�FODVVHV�DUH�

KDQGOHG�E\�WKH�(GJH�DQG�&RUH�5RXWHUV�LQ�WKH�$48,/$�QHWZRUN��7KH\�LQFOXGHV�WUDIILF�



FRQGLWLRQLQJ� �DOVR� UHIHUUHG� WR�DV�SROLFLQJ��� WKDW� LV�HQIRUFHG�DW� LQJUHVV�(5V�RQO\��DQG�
VFKHGXOLQJ���TXHXLQJ�DOJRULWKPV��LPSOHPHQWHG�DW�DQ\�URXWHU�LQWHUIDFH��

7KH� FRQILJXUDWLRQ� RI� WKH� VFKHGXOLQJ� �� TXHXLQJ� PHFKDQLVP� LV� ³VWDWLF´�� L�H�� WKH�
UHOHYDQW� SDUDPHWHUV� DUH� FRQILJXUHG� LQ� WKH� URXWHUV� DW� VWDUW� XS�� $Q� RII�OLQH� SURFHGXUH�
FRPSXWHV�WKHVH�SDUDPHWHUV�VWDUWLQJ�IURP�WKH�SURYLVLRQHG�UDWHV�SURGXFHG�E\�WKH�,QLWLDO�
3URYLVLRQLQJ�DOJRULWKP��2EYLRXVO\�� WKH�FRQILJXUDWLRQ�RI�SHU�IORZ�WUDIILF�FRQGLWLRQLQJ�
SDUDPHWHUV� DW� WKH� LQJUHVV� HGJH� LV� GRQH� UXQ�WLPH� DFFRUGLQJ� WR� WKH� DGPLWWHG� UHTXHVWV��
'HWDLOV�RQ�WKH�WUDIILF�FRQGLWLRQLQJ�PHFKDQLVPV�ZLOO�EH�JLYHQ�LQ�VHFWLRQ����

7KH�$GPLVVLRQ�&RQWURO� SURFHGXUH� LV� LQWHQGHG� WR� UHVWULFW� WUDIILF� LQ� RUGHU� WR� DYRLG�
FRQJHVWLRQ��7KH�$&�SURFHGXUH�LV�RSHUDWHG�RQ�OLQH��EXW�WKH�$&�UHIHUHQFH�OLPLWV��RU�$&�
/LPLWV�� DUH� FRPSXWHG� GXULQJ� WKH� RII�OLQH� LQLWLDO� SURYLVLRQLQJ� SKDVH� DQG� FRQILJXUHG�
GXULQJ�WKH�VWDUW�XS�SKDVH���
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)LJ�����,QLWLDO�3URYLVLRQLQJ��7UDIILF�&RQWURO�DQG�$GPLVVLRQ�&RQWURO�

7KH� DVVLJQPHQW� RI� $&� /LPLWV� WR� HDFK� (GJH� 5RXWHU� IRU� HDFK� 7&/� UHSUHVHQWV� D�
UHVRXUFH� DVVLJQPHQWV� WR� WKH� UHOHYDQW� WUDIILF� DJJUHJDWHV�� $V� WKH� $&� /LPLWV� DUH�
FRPSXWHG�EDVHG�RQ�WKH�H[SHFWHG�RIIHUHG�WUDIILF�DW�HDFK�(5��VRPH�GHYLDWLRQ�FDQ�RFFXU�
GXULQJ� WKH� RSHUDWLRQ� SKDVH� EHWZHHQ� WKH� DFWXDO� RIIHUHG� WUDIILF� DQG� WKH� UHVRXUFH�
GLVWULEXWLRQ� EHWZHHQ� (5V�� 7KH� 5HVRXUFH� 3RROV� PHFKDQLVP� UHSUHVHQW� D� ZD\� WR�
G\QDPLFDOO\� FKDQJH� WKH�$&� /LPLW� WR� VRPH� H[WHQW�� VR� DV� WR� G\QDPLFDOO\� WUDFN� VKRUW�
WHUP�IOXFWXDWLRQV�LQ�WUDIILF�UHTXHVWV��6XFK�PHFKDQLVPV�DUH�EDVHG�RQ�WKH�FRQFHSW�RI�53��
ZKLFK� DUH� VHWV� RI� (5� WKDW� FDQ� H[FKDQJH� UHVRXUFHV� ZLWK� HDFK� RWKHU�� 6XFK� VHWV� DUH�
GHILQHG�GXULQJ�WKH�,QLWLDO�3URYLVLRQLQJ�SKDVH��



��� 7UDIILF�+DQGOLQJ�PHFKDQLVPV�DW�SDFNHW�OHYHO��WKH�$48,/$�
7UDIILF�&ODVVHV�

)URP�WKH�QHWZRUN�SRLQW�RI�YLHZ��WKH�GLIIHUHQWLDWLRQ�DW�WKH�VHUYLFH�OHYHO�LQWR�1HWZRUN�
6HUYLFHV� �16�� QDWXUDOO\� LQWURGXFHV� D� GLIIHUHQWLDWLRQ� DW� WKH� SDFNHW� KDQGOLQJ� OHYHO�� ,Q�
SDUWLFXODU�� WKH� LPSOHPHQWDWLRQ�RI�UHODWLYH�SULRULWLHV�EHWZHHQ�WKH�SDFNHWV��ERWK�IRU�WKH�
DFFHVV� WR� WKH� WUDQVPLVVLRQ� FKDQQHO� DQG�RU� WR� WKH� EXIIHU� VSDFH�� LV� H[SORLWHG� WR�
GLIIHUHQWLDWH� WKH� GHOLYHUHG� HQG�WR�HQG� GHOD\V� DQG� ORVV� SUREDELOLW\�� $OWKRXJK� WKH�
SULRULWLVDWLRQ� LQGXFHG� E\� WKH� DSSOLFDWLRQV� UHTXLUHPHQWV� LV� D� NH\� FRPSRQHQW� RI� WKH�
WUDIILF� KDQGOLQJ� DW� WKH� SDFNHW� OHYHO�� LW� LV� QRW� WKH� RQO\� UHDVRQ� WR� LQWURGXFH� SDFNHW�
KDQGOLQJ�GLIIHUHQWLDWLRQ�LQVLGH�WKH�QHWZRUN��WKH�RWKHU�IDFWRU�LV�WKH�QHHG�IRU�VHSDUDWLRQ�
EHWZHHQ�WUDIILF� IORZV�ZLWK�GUDPDWLFDOO\�GLIIHUHQW�FKDUDFWHULVWLFV��$V�DQ�H[DPSOH��LW� LV�
ZHOO� UHFRJQL]HG� WKDW� FORVHG� ORRS� IORZV� �W\SLFDOO\� 7&3� DQG� LQ� JHQHUDO� 7&3�IULHQGO\�
IORZV�� VKRXOG� QRW� FRPSHWH� RQ� WKH� VDPH� UHVRXUFHV� ZLWK� RSHQ� ORRS� IORZV� �W\SLFDOO\�
8'3��� 6HSDUDWLRQ� EHWZHHQ� WKH� WZR� FDQ� EH� DFKLHYHG� H�J�� E\� XVLQJ� GLIIHUHQW� TXHXHV�
VHUYHG�ZLWK�VRPH�EDQGZLGWK�VKDULQJ�PHFKDQLVP��:)4�VFKHGXOLQJ���

3ULRULWLVDWLRQ� DQG� VHSDUDWLRQ� UHSUHVHQW� WKH� WZR� PDLQ� DVSHFWV� WKDW� DQ\� GHVLJQ� RI�
SDFNHW�KDQGOLQJ�PHFKDQLVPV�PXVW�WDNH�FDUH�RI��%H\RQG�WKDW��RQH�VKRXOG�DOVR�WDNH�LQWR�
DFFRXQW� WKH� H[FHVV� SDFNHWV� WUHDWPHQW� DQG�� HYHQWXDOO\�� WKRVH� DGYDQFHG� TXHXH�
PDQDJHPHQW�VFKHPHV�PHDQW�WR�HQKDQFH�WKH�SHUIRUPDQFHV�RI�UHDFWLYH�WUDIILF��W\SLFDOO\�
5('�IRU�7&3���

,Q�GHVLJQLQJ�WKH�SDFNHW�KDQGOLQJ�PHFKDQLVPV�LQVLGH�WKH�URXWHU��$48,/$�KDV�WDNHQ�
LQWR� DFFRXQW� DOO� RI� WKDW��$48,/$� KDV� GHILQHG� D� VHW� RI� ��7UDIILF�&ODVVHV� �7&/���$W�
HDFK� (GJH� 5RXWHU� �(5��� HDFK� 7&/� LV� DVVLJQHG� D� SRUWLRQ� RI� ³UHVRXUFH´�� L�H�� D�
EDQGZLGWK�YDOXH��ZKLFK�LV�PHDQW�WR�OLPLW�WKH�PD[LPXP�DPRXQW�RI�WUDIILF�WKDW�WKH�(5�
FDQ� LQMHFW� LQWR� WKH� QHWZRUN� IRU� WKH� VSHFLILF�7&/��$V� WKLV� YDOXH�ZLOO� EH� XVHG� E\� WKH�
$GPLVVLRQ� &RQWURO� DOJRULWKP� WR� GHFLGH� DERXW� WKH� DFFHSWDQFH� RI� QHZ� IORZV� WR� WKH�
UHOHYDQW�7&/��LW�ZLOO�EH�GHQRWHG�E\�$&�/LPLW��7KH�SURSRVHG�$&�DOJRULWKPV�IRU�HDFK�
7&/�ZLOO�EH�GLVFXVVHG�LQ�VHFWLRQ������(DFK�7&/�LV�DVVRFLDWHG�D�GLIIHUHQW�TXHXH�LQ�WKH�
URXWHU�RXWSXW� LQWHUIDFH��DQG�D�EDQGZLGWK�SRUWLRQ�RQ�HDFK� OLQN��$OO� WKH�TXHXHV�H[FHSW�
WKH�ILUVW�RQH�DUH�VHUYHG�E\�D�:)4�VFKHGXOHU��WKXV�HDFK�7&/�LV�DVVRFLDWHG�WR�D�:)4�
ZHLJKW��7KH�TXHXH�GHGLFDWHG� WR�7&/��� LV� VHUYHG�ZLWK� VWULFW�SULRULW\�RYHU� WKH�RWKHUV��
)LJ����VKRZV�WKH�LQWHU�7&/�VFKHGXOLQJ�VFKHPH��,W�VKRXOG�EH�FRQVLGHUHG�WKDW�VXFK�LQWHU�
7&/�VFKHGXOLQJ�VFKHPH�DSSOLHV�WR�KLJK�VSHHG�URXWHU�LQWHUIDFHV��,Q�IDFW�IRU�ORZ�VSHHG�
LQWHUIDFHV� �IHZ� KXQGUHGV� NLORELWV� SHU� VHFRQG��� ZKLFK� FDQ� EH� IRXQG� LQ� WKH� DFFHVV�
QHWZRUN� VHFWLRQ�� LW� LV� QRW� UHDVRQDEOH� WR� VWDWLFDOO\� SDUWLWLRQ� WKH� �OLWWOH�� DYDLODEOH�
EDQGZLGWK� EHWZHHQ� WKH� 7&/V�� 7R� FRSH� ZLWK� WKLV� SUREOHP�� $48,/$� 7&/V� DUH�
LPSOHPHQWHG� LQ� D�GLIIHUHQW�ZD\�RQ� ORZ�VSHHG� LQWHUIDFHV��+RZHYHU� IRU� VDNH�RI� VSDFH�
ZH�ZLOO� QRW� GHDO�ZLWK� ORZ�VSHHG� LQWHUIDFH� LQ� WKLV� SDSHU��:H� UHIHU� WR� >�@� IRU� IXUWKHU�
GHWDLOV�RQ�WKLV�WRSLF��
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7&/��

7&/��

7&/��
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)LJ�����'HVLJQ�RI�URXWHU�RXWSXW�SRUW�

7&/���LV�LQWHQGHG�WR�VXSSRUW�WKH�6WDQGDUG�6HUYLFH��67'���L�H��WKH�WUDGLWLRQDO�EHVW�
HIIRUW� WUDIILF��7KH� WUDIILF�DFFHVVLQJ� WKH�67'�VHUYLFH� LV�QRW�GHOLYHUHG�DQ\�4R6�DQG� LV�
QRW�UHJXODWHG�E\�DQ\�$&�DQG�RU�SROLFLQJ�IXQFWLRQ�LQVLGH�WKH�(5��1HYHUWKHOHVV��D�QRQ�
QXOO�DPRXQW�RI�EDQGZLGWK�ZLOO�EH�JXDUDQWHHG�WR�WKLV�WUDIILF�RQ�HDFK�OLQN��DFFRUGLQJO\�
WKH�:)4�ZHLJKW�IRU�7&/���ZLOO�EH�QRQ�]HUR���

7&/��� DQG� 7&/��� DUH� LQWHQGHG� WR� VXSSRUW� QRQ�UHDFWLYH� �RSHQ� ORRS�� WUDIILF� ZLWK�
VWULQJHQW�4R6� UHTXLUHPHQWV�� ,Q� SDUWLFXODU�7&/���ZLOO� EH� FKDUDFWHUL]HG� E\� YHU\� KLJK�
4R6� SHUIRUPDQFH� �YHU\� ORZ� GHOD\� DQG� YHU\� ORZ� ORVVHV��� DFFRPSOLVKHG� E\� D�
FRQVHUYDWLYH�$&�VFKHPH��QR�VWDWLVWLFDO�PXOWLSOH[LQJ�LV�DFKLHYHG�ZLWKLQ�WKLV�7&/��DQG�
WKH�$&�DOJRULWKP�ZLOO�H[FOXVLYHO\�EDVH�RQ�WKH�IORZV�SHDN�UDWH�ZKLFK�LV�GHFODUHG�E\�WKH�
DSSOLFDWLRQV��,Q�WKH�$48,/$�DUFKLWHFWXUH�7&/����ZKLFK�LV�VRPHKRZ�VLPLODU�WR�WKH�()�
3+%�GHILQHG�LQ�>�@�ZLOO�H[FOXVLYHO\�VXSSRUW�WKH�3&%5�VHUYLFH��7\SLFDOO\��7&/���ZLOO�
EH� HQWHUHG� E\� IORZV�ZLWK� VPDOO� WR�PHGLXP�SDFNHW� VL]H� ��� ����%�� DQG�QRW� WRR� ODUJH�
SHDN�UDWH�� DV� W\SLFDOO\�RULJLQDWHG�E\� UHDO�WLPH� VWUHDPLQJ�DSSOLFDWLRQV� OLNH�9R,3�� HWF��
2Q�WKH�RWKHU�KDQG��7&/���ZLOO�GHOLYHU�D�ORZHU�4R6�OHYHO��ORZ�GHOD\�DQG�ORZ�ORVVHV��WR�
WKRVH� VWUHDPLQJ� DSSOLFDWLRQ�ZLWK�KLJK� HPLVVLRQ� UDWH�YDULDELOLW\� DQG�RU� ODUJH�SDFNHWV��
WKH�$&�IRU�7&/���VFKHPH�DOORZV�IRU�VRPH�GHJUHH�RI�VWDWLVWLFDO�PXOWLSOH[LQJ��WKXV�WKH�
PHDQ�UDWH�RI�WKH�IORZV�PXVW�EH�WDNHQ�LQWR�DFFRXQW�LQ�WKH�$&�DOJRULWKP�DORQJ�ZLWK�WKH�
SHDN�UDWH��7&/���ZLOO�PDLQO\�VXSSRUW�WKH�39%5�QHWZRUN�VHUYLFH���

7&/��� DQG� 7&/��� DUH� GHGLFDWHG� WR� UHDFWLYH� IORZV� �7&3� DQG� 7&3�OLNH��� ,Q�
SDUWLFXODU��7&/���ZLOO�VXSSRUW�300�VHUYLFH�DQG�ZLOO�WDNH�ORQJ�OLYHG�7&3�FRQQHFWLRQV�
�IRU� ORQJ� ILOH� WUDQVIHUV�� RU� RWKHU� DGDSWLYH� DSSOLFDWLRQ� IORZV� �DXGLR�YLGHR� GRZQORDG��
DGDSWLYH� YLGHR��� 7KHVH� IORZV� DUH� W\SLFDOO\� JUHHG\�� DV� WKH\� FRQWLQXH� WR� H[SDQG� WKH�
HPLVVLRQ� UDWH� XQWLO� FRQJHVWLRQ� LV� UHDFKHG�� 7&/��� LQVWHDG�ZLOO� VXSSRUW� 30&� VHUYLFH�
DQG� ZLOO� UHFHLYH� QRQ�JUHHG\� HODVWLF� IORZV�� W\SLFDOO\� VKRUW�OLYHG� 7&3� FRQQHFWLRQV�
RULJLQDWHG�E\�VRPH�FULWLFDO�WUDQVDFWLRQ�DSSOLFDWLRQ��H�J��ILQDQFH��RU�LQWHUDFWLYH�JDPHV��
1RWH�WKDW�VHSDUDWLQJ�ORQJ�OLYHG�DQG�VKRUW�OLYHG�7&3�FRQQHFWLRQV�LQWR�GLIIHUHQW�FODVVHV��
WKXV�DYRLGLQJ�GLUHFW�FRPSHWLWLRQ�RQ�WKH�VDPH�UHVRXUFHV��WKH�:)4�VFKHGXOHU�DFWV�DV�D�
VRUW�RI�DUELWHU�IRU�WKH�EDQGZLGWK��SUHYHQWV�WKH�IRUPHU�IURP�VWDUYLQJ�WKH�ODWWHU��)XUWKHU�



GHWDLOV� DERXW� TXHXLQJ�PHFKDQLVPV� DV�ZHOO� DV� WUDIILF� FRQGLWLRQLQJ� IRU� HDFK�7&/� DUH�
JLYHQ�EHORZ��

,W�FDQ�EH�QRWHG�WKDW�WKHUH�LV�D�RQH�WR�RQH�PDSSLQJ�EHWZHHQ�WKH�GHILQHG�7&/V�DQG�
WKH�16V��7KLV�VKRXOG�EH�FRQVLGHUHG�DV�D�VRUW�RI�FRLQFLGHQFH��DV�WKHUH�LV�QR�RQH�WR�RQH�
PDSSLQJ� UHTXLUHPHQW� EHWZHHQ� 16V� DQG� 7&/V� EXW� WKH� SURYLGHU� KDV� D� GHJUHH� RI�
IUHHGRP�LQ�WKLV�PDSSLQJ��1HYHUWKHOHVV��IRU�VDNH�RI�VLPSOLFLW\�WKLV�GHJUHH�RI�IUHHGRP�
KDV�QRW�EHHQ�H[SORLWHG�LQ�WKH�FXUUHQW�VSHFLILFDWLRQ��,W�LV�H[SHFWHG�WKDW�DV�WKH�$48,/$�
DSSURDFK� ZLOO� HYROYH�� QHZ� 16V� FRXOG� EH� GHILQHG� ZKLOH� NHHSLQJ� WKH� VDPH� VHW� RI�
VXSSRUWHG� 7&/V�� 2Q� WKH� RWKHU� KDQG�� WKHUH� LV� DOVR� WKH� SRVVLELOLW\� WKDW�� EDVHG� RQ� WKH�
RQJRLQJ�WULDO�H[SHULHQFHV��D�UHGXFWLRQ�LQ�WKH�QXPEHU�RI�7&/�FRXOG�EH�HQYLVLRQHG��LQ�
SDUWLFXODU� WKH� QHHG� RI� WZR� GLIIHUHQW� 7&/V� IRU� VXSSRUWLQJ� VWUHDPLQJ� WUDIILF� LV� XQGHU�
LQYHVWLJDWLRQ��WKHUHIRUH�7&/���DQG�7&/���FRXOG�EH�PHUJHG�LQWR�RQH�VLQJOH�7&/���

1RWH�WKDW�WKH�$&�IXQFWLRQ�LQ�WKH�QHWZRUN�LV�DVVRFLDWHG�WR�WKH�7&/V��UDWKHU�WKDQ�WR�
WKH� 16�� ,Q� IDFW� WKH� UHVRXUFHV� ZLWKLQ� WKH� QHWZRUN� �FRUUHVSRQGLQJ� WR� WKH� $&� /LPLWV�
LQVLGH�WKH�(5V���DUH�DVVLJQHG�RQ�D�SHU�7&/�EDVLV���

$V�D�ILQDO�UHPDUN��ZH�DUH�RI�FRXUVH�DZDUH�WKDW�D�ORW�RI�HIIRUW�LV�RQJRLQJ�ZLWKLQ�WKH�
,(7)� WR� VWDQGDUGL]H� 3HU� +RS� %HKDYLRUV� �3+%��� 7KH� VFRSH� RI� $48,/$� LV� QRW� WR�
GHILQH�QHZ�3+%V� WKDW�ZLOO� UHSODFH� WKH�RQHV�GHILQHG� LQ� WKH�,(7)��7KH�PDLQ�IRFXV�RI�
$48,/$�LV�WR�VWXG\�WKH�ZKROH�4R6�SLFWXUH��IURP�PLOOLVHFRQG�VFDOH��7UDIILF�&ODVVHV��
XS�WR�ORQJ�WHUP�VFDOH��3URYLVLRQLQJ���,W�ZDV�QRW�SRVVLEOH�DW�WKH�$48,/$�GHVLJQ�WLPH�
WR�UHO\�RQ�D�VWDEOH�GHILQLWLRQ�RI�'LIIVHUY�3+%V�DQG�LW�ZDV�HYHQ�IDUWKHU�WKH�SRVVLELOLW\�
WR� KDYH� 'LIIVHUY� FRPSOLDQW� LPSOHPHQWDWLRQ� LQ� URXWHUV�� 7KHUHIRUH� LW� ZDV� FKRVHQ� WR�
GHVLJQ�WKH�VHW�RI�7UDIILF�&ODVVHV�EDVHG�RQ�7UDIILF�FRQWURO�PHFKDQLVP�DYDLODEOH�LQ�WKH�
URXWHUV�� ,W� LV� SRVVLEOH� WR� UH�PDS� WKH� $48,/$� 7&/V� RQWR� WKH� ³VWDQGDUG´� 'LIIVHUY�
3+%V��()��$)���EXW�WKLV�LV�RXW�RI�WKH�VFRSH�RI�WKLV�ZRUN��

����� 7UDIILF�&RQWURO�DW�SDFNHW�OHYHO�

7KLV� VXEVHFWLRQ� SURYLGHV� IXUWKHU� GHWDLOV� DERXW� WKH� SDFNHW� VFDOH� WUDIILF� FRQWURO�
PHFKDQLVPV��L�H��WUDIILF�FRQGLWLRQLQJ�DQG�TXHXH�PDQDJHPHQW��IRU�HDFK�7&/���

7&/���DQG�7&/���DUH�ERWK�GHGLFDWHG� WR�QRQ�UHDFWLYH� �8'3��IORZV�ZLWK�VWULQJHQW�
4R6�UHTXLUHPHQWV��$FFRUGLQJ�WR�WKDW��D�³VHYHUH´�SXUHO\�GURSSLQJ�WUDIILF�FRQGLWLRQLQJ�
DW�LQJUHVV�SRLQW�LV�DVVRFLDWHG�WR�ERWK��L�H��DOO�SDFNHWV�H[FHHGLQJ�WKH�GHFODUHG�SURILOH�DUH�
GLVFDUGHG�� 7KH� WUDIILF� SURILOH� IRU� 7&/��� LV� GHVFULEHG� LQ� WHUPV� RI� D� 6LQJOH� 7RNHQ�
%XFNHW��OLPLWLQJ�WKH�IORZ�SHDN�UDWH��7KH�WUDIILF�SURILOH�IRU�7&/���LV�GHVFULEHG�LQ�WHUPV�
RI�D�'XDO�7RNHQ�%XFNHW��FRQWUROOLQJ�ERWK�WKH�SHDN�DQG�PHDQ�UDWH�RI�WKH�IORZ��7KLV�LV�
FRQVLVWHQW�ZLWK�WKH�GHILQLWLRQ�RI�$&�DOJRULWKPV��$&�IRU�7&/���LV�EDVHG�RQO\�RQ�SHDN�
UDWH�� ZKLOH� $&� IRU� 7&/��� WDNHV� LQWR� DFFRXQW� WKH� PHDQ� UDWH� DOVR� WR� DFKLHYH� EHWWHU�
PXOWLSOH[LQJ�JDLQ� �VHH� VHFWLRQ��� IRU�GHWDLOV���)RU�ERWK�7&/���DQG�7&/����TXHXHV�DW�
URXWHU�LQWHUIDFHV�DUH�VLPSO\�RI�),)2�GURS�WDLO�W\SH���

7&/��� LV� GHGLFDWHG� WR� ORQJ�OLYHG� 7&3� FRQWUROOHG� IORZV��$� 6LQJOH� 7RNHQ�%XFNHW�
GHVFULSWRU�LV�XVHG�WR�GHFODUH�WKH�PHDQ�UDWH�RQO\��7UDIILF�FRQGLWLRQLQJ�DW�LQJUHVV�SRLQW�LV�
EDVHG� RQ� �� FRORXUV� PDUNLQJ�� RXW�RI�SURILOH� SDFNHWV� DUH� QRW� GLVFDUGHG� EXW� VLPSO\�
PDUNHG�DV�VXFK�ZLWK�D�GLIIHUHQW�'6&3�YDOXH��$W�URXWHU�LQWHUIDFHV��WKH�7&/���TXHXHV�



HPSOR\V� D� :5('� PDQDJHPHQW� DOJRULWKP� ZLWK� WZR� GLIIHUHQW� VHWV� RI� SDUDPHWHUV�
�PLQWK��PD[WK��PD[S��IRU�LQ�SURILOH�DQG�RXW�RI�SURILOH�SDFNHWV��

7&/��� LV� GHGLFDWHG� WR� VKRUW�OLYHG� QRQ�JUHHG\� 7&3�FRQWUROOHG� IORZV� ZLWK� ORZ�
EDQGZLGWK� UHTXLUHPHQWV��'XDO�7RNHQ�%XFNHW�GHVFULSWRU� LV�XVHG� WR�GHFODUH�PHDQ�DQG�
SHDN�UDWH��7UDIILF�FRQGLWLRQLQJ�DQG�TXHXH�PDQDJHPHQW�DUH�VLPLODU�WR�7&/�����

)LQDOO\��VLPSOH�),)2�GURS�WDLO�TXHXHV�DUH�XVHG�IRU�WKH�67'�7&/��

��� 7UDIILF�+DQGOLQJ�PHFKDQLVPV�DW�IORZ�DQG�DJJUHJDWH�OHYHO�

,Q�WKH�SUHYLRXV�VHFWLRQV�ZH�KDYH�LQWURGXFHG�WKH�FRQFHSW�RI�16�DQG�7&/��ZKLFK�DLP�DW�
DFKLHYLQJ�4R6�GLIIHUHQWLDWLRQ�UHVSHFWLYHO\�DW�WKH�VHUYLFH�DQG�DW�WKH�WUDIILF�OHYHO��7KLV�
FKDSWHU�LV�QRZ�IRFXVHG�RQ�WKH�PHFKDQLVPV�WKDW�$48,/$�LPSOHPHQWV�WR�GHOLYHU�4R6�
JXDUDQWHHV��)RU�4R6�WR�EH�GHOLYHUHG��WKH�DPRXQW�RI�WUDIILF�HQWHULQJ�WKH�QHWZRUN�PXVW�
EH� VRPHKRZ� UHJXODWHG��7R� WKLV�SXUSRVH��$48,/$�FRQVLGHUV� D� FRPELQDWLRQ�RI� WKUHH�
PHFKDQLVPV� DW� DJJUHJDWH� OHYHO�� ,QLWLDO� 3URYLVLRQLQJ�� '\QDPLF� 5HVRXUFH� 3RRO� DQG�
$GPLVVLRQ�&RQWURO��7KH�IROORZLQJ�RI�WKLV�VHFWLRQ�GLVFXVVHV�WKHVH�PHFKDQLVPV�LQ�D�WRS�
GRZQ� IDVKLRQ�� 7KHVH� PHFKDQLVPV� DUH� FRPSOHPHQWDU\� WR� WKRVH� GLVFXVVHG� DERYH�
RSHUDWLQJ�DW�WKH�SDFNHW�OHYHO��H�J��WUDIILF�FRQGLWLRQLQJ���

����� 7KH�,QLWLDO�3URYLVLRQLQJ�SKDVH�

)RU�HDFK�7&/� M�HDFK�(5� L� LV�DVVLJQHG�D�FHUWDLQ�DPRXQW�RI�EDQGZLGWK� OL
�M���FDOOHG�$&�

/LPLW��ZKLFK�LV�XVHG�E\�WKH�DGPLVVLRQ�DOJRULWKP�LQ�WKH�$&$�UHVSRQVLEOH�IRU�(5�L�DV�D�
UHIHUHQFH�OLPLW�WR�WKH�WUDIILF�LW�FDQ�DFFHSW�IRU�7&/�M��7KH�YDOXH�RI�WKH�$&�/LPLW�DV�ZHOO�
DV�WKH�EDQGZLGWK�GHPDQGV�IRU�HDFK�DFWLYH�UHVHUYDWLRQ�DUH�ORJLFDOO\�VWRUHG�LQ�WKH�$&$��
7KH� LQLWLDO� FRPSXWDWLRQ� RI� WKH� VHW� {OL

�M�}� IRU� HDFK� 7&/� DQG� (5�� FDOOHG� WKH� ,QLWLDO�
3URYLVLRQLQJ�SKDVH�LQ�$48,/$��FDQ�EH�GRQH�RII�OLQH�DQG�PXVW�WDNH�LQWR�DFFRXQW�WKH�
IROORZLQJ�LQSXW�LQIRUPDWLRQ��
D�� 7KH� FRPSOHWH� QHWZRUN� WRSRORJ\�� LQFOXGHG� WKH� OLQN� FDSDFLWLHV� DQG� OLQN� FRVW� �DV�

XVHG�E\�,*3�URXWLQJ�IRU�FRPSXWDWLRQ�RI�VKRUWHVW�SDWK���
E�� 7KH� ORQJ�� WHUP�H[SHFWHG�WUDIILF�PDWULFHV��L�H�� WKH�H[SHFWHG�VSDWLDO�GLVWULEXWLRQ�RI�

WUDIILF�IRU�HDFK�7&/�EHWZHHQ�VRXUFH�GHVWLQDWLRQ�URXWHU�SDLU��
F�� 6RPH�EDQGZLGWK�VKDULQJ�SROLFLHV�EHWZHHQ�7&/��H�J��³QR�PRUH�WKDQ�����RI�OLQN�

FDSDFLW\�DOORFDWHG�WR�7&/��´��RU�³QR�OHVV�WKDQ�����RI�OLQN�FDSDFLW\�DOORFDWHG�WR�
EHVW�HIIRUW�WUDIILF��7&/���´�DQG�VLPLODU��

,Q� WKH� VLPSOHVW� VFHQDULR� FODVVLFDO� ,*3� URXWLQJ� LV� XVHG� ZLWKLQ� WKH� QHWZRUN� �H�J��
263)�� 5,3�� HWF���� DQG� WKH� URXWH� IRU� HDFK� VRXUFH�GHVWLQDWLRQ� SDLU� LV� XQLTXH� DQG�
FRQVWUDLQHG�WR�WKH�VKRUWHVW�SDWK��1HYHUWKHOHVV�LQ�PRUH�DGYDQFHG�VFHQDULRV��SDUWLFXODUO\�
ZKHQ�03/6�LV�XVHG�IRU�7UDIILF�(QJLQHHULQJ�SXUSRVHV��WKH�URXWLQJ�LWVHOI�LV�QRW�VWULFWO\�
FRQVWUDLQHG� WR� VKRUWHVW� SDWKV�� DQG� WKH�SDWKV�FRPSXWDWLRQ�FRXOG�EH�PDGH� MRLQWO\�ZLWK�
WKH�$&�/LPLWV�FRPSXWDWLRQ��,Q�WKLV�FDVH�WKHUH�ZRXOG�EH�URRP�IRU�VRPH�VRUW�RI�JOREDO�
RSWLPLVDWLRQ�GXULQJ� WKH�,QLWLDO�3URYLVLRQLQJ�SKDVH��ZKRVH�RXWSXW�ZRXOG�EH� WKH�VHW�RI�
SDWKV�DORQJ�ZLWK�WKH�VHW�RI�$&�/LPLWV��7KLV�DGGLWLRQDO�SHUVSHFWLYH�KDV�EHHQ�OHIW�RXW�RI�



WKH� VFRSH� RI� WKLV� SDSHU�� $OVR� QRWH� WKDW� IDXOW� UHFRYHU\� DVSHFWV� DUH� QRW� FRYHUHG� E\�
$48,/$��

����� 7KH�5HVRXUFH�3RRO�

7KH�VFKHPH�GHVFULEHG�XS�WR�QRZ�PHHWV�WKH�UHTXLUHPHQW�WR�SURFHVV�HDFK�55�ORFDOO\�DW�
WKH�$&$��EXW�DW�WKH�FRVW�RI�D�KLJK�ULJLGLW\�LQ�WKH�UHVRXUFHV�GLVWULEXWLRQ��,Q�IDFW�SHU�(5�
�³KRUL]RQWDO´��DV�ZHOO�DV�SHU�7&/��³YHUWLFDO´��EDQGZLGWK�DVVLJQPHQW�LV�GRQH�VWDWLFDOO\�
LQ� WKH� LQLWLDO� SURYLVLRQLQJ� SKDVH�� 7KLV� VFKHPH� LV� QRW� DEOH� WR� G\QDPLFDOO\� WUDFN�
IOXFWXDWLRQV�DQG�GHYLDWLRQV�RI�WKH�DFWXDO�RIIHUHG�WUDIILF�IURP�WKH�H[SHFWHG�RQH��,Q�RUGHU�
WR�JDLQ�D�PRUH�G\QDPLFDO�EHKDYLRXU��LW�ZRXOG�EH�GHVLUDEOH�WR�KDYH�G\QDPLFDO�VKDULQJ�
RI� UHVRXUFHV� EHWZHHQ� (5� �³KRUL]RQWDO´� VKDULQJ�� DQG�RU� EHWZHHQ� 7&/� �³YHUWLFDO´�
VKDULQJ��WR�VRPH�H[WHQW��$48,/$�LQWURGXFHV�WKH�FRQFHSW�RI�³5HVRXUFH�3RRO´��53��WR�
DOORZ� IRU� VRPH�GHJUHH� RI� G\QDPLFDO� VKDULQJ� RI� UHVRXUFHV�EHWZHHQ�(5� �³KRUL]RQWDO´�
VKDULQJ��RQO\��)XUWKHU� LQWURGXFWLRQ�RI� VRPH� IRUP�RI� UHVRXUFH�VKDULQJ�EHWZHHQ�7&/V�
�³YHUWLFDO´�VKDULQJ��LV�HQYLVLRQHG�DV�D�IXUWKHU�H[WHQVLRQ�WR�WKH�PRGHO��

,Q�RUGHU� WR�H[SODLQ� WKH�53�FRQFHSW��FRQVLGHU�WKH�FDVH�WKDW�DQ�DPRXQW�RI�5HVRXUFH�
5HVHUYDWLRQV� IRU�7&/� M� DUH�EHLQJ� UHMHFWHG� DW� VRPH�(5�[� GXH� WR� FRQVXPSWLRQ�RI� WKH�
UHOHYDQW�$&�/LPLW��ZKLOH�DW�WKH�VDPH�WLPH�VRPH�RWKHU�(5�\�GRHV�QRW�IXOILOO�LWV�UHVRXUFH�
EXGJHW�GXH�WR�ODFN�RI�GHPDQG��,Q�WKLV�FDVH�LW�ZRXOG�EH�GHVLUDEOH�WR�G\QDPLFDOO\�VKLIW�D�
SRUWLRQ�RI�WKH�UHVRXUFH�EXGJHW�IURP�\�WR�[��E\�LQFUHDVLQJ�O[

�M��DQG�GHFUHDVLQJ�O\
�M���,Q�WKLV�

H[DPSOH� ZH� ZLOO� GHQRWH� (5� \� DV� WKH� ³GRQRU´�� 7KH� FRQFHSW� RI� 53� DULVHV� IURP� WKH�
JHQHUDO�FRQVLGHUDWLRQ�WKDW�QRW�DQ\�(5�FDQ�EH�D�PHDQLQJIXO�³GRQRU´�IRU�DQ\�RWKHU�(5��
WKHUH� DUH� FRQVWUDLQWV� EHWZHHQ� $&� /LPLWV� GXH� WR� WKH� WRSRORJ\� DQG� WKH� WUDIILF�
GLVWULEXWLRQ��PDLQO\�UHODWHG�WR�WKH�SUHVHQFH�RI�ERWWOHQHFNV��7KXV��D�53�LGHQWLILHV�D�VHW�
RI�(5V�WKDW�FDQ�EH�GRQRUV�WR�HDFK�RWKHU��LQVLGH�D�53�WKH�(5V�FDQ�H[FKDQJH�EHWZHHQ�
HDFK�RWKHU�WKH�DVVLJQHG�EDQGZLGWK�IRU�D�JLYHQ�7&/��$SSOLFDWLRQ�RI�WKH�53�FRQFHSW�LV�
VWUDLJKWIRUZDUG�LQ�WKH�FDVH�D�VHW�RI�(5V�DUH�FRQQHFWHG�LQ�D�VWDU�WR�D�FRUH�URXWHU��7KH�
FDVH� LV� GHSLFWHG� LQ� )LJ�� ��� ZKLFK� ZLOO� EH� XVHG� WR� LOOXVWUDWH� WKH� G\QDPLFDO� UHVRXUFH�
GLVWULEXWLRQ�DOJRULWKP�LQVLGH�WKH�53���
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�VW OHYHO 53
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)LJ�����5HVRXUFH�3RRO�

7KH�DERYH�DSSURDFK�FDQ�EH�KLHUDUFKLFDOO\�H[WHQGHG�WR�EXLOG�53�ZKRVH�HOHPHQWV�DUH�
QRW�(5V�EXW�RWKHU�53V��7KH�FDVH�LV�GHSLFWHG�LQ�)LJ�����ZKHUH�53�³&´�LV�FRPSRVHG�E\�
QRGH���DV�URRW�DQG�53V�³$´�DQG�³%´�DV�OHDYHV��7KH�KLHUDUFKLFDO�53�DSSURDFK�FDQ�EH�
VWUDLJKWIRUZDUGO\� DSSOLHG� LQ� WKRVH� QHWZRUNV� ZKRVH� H[WHUQDO� DUHDV� SUHVHQW� D�
KLHUDUFKLFDOO\� VWUXFWXUHG� WRSRORJ\��ZKLFK� LV� H[SHFWHG� WR� EH� D� TXLWH� FRPPRQ� FDVH� LQ�
SUDFWLFH��

����� $GPLVVLRQ�&RQWURO�

,Q� RUGHU� WR� FRQWURO� WKH� DFFHVV� WR� WKH� QHWZRUN�� WKH� XVHU� DSSOLFDWLRQV� PXVW� ³DVN� IRU�
SHUPLVVLRQ´� EHIRUH� VHQGLQJ� WUDIILF� WR� WKH� QHWZRUN�� 7KLV� SHUPLVVLRQ� LV� JUDQWHG� E\� D�
5HVHUYDWLRQ�5HTXHVW��55��VHQW�WR�WKH�QHWZRUN��7KH�WDVN�RI�VHQGLQJ�55V�LV�FRYHUHG�E\�
WKH� ($7� PRGXOH� DW� WKH� XVHU� VLGH�� ZKLFK� UHSUHVHQW� D� VRUW� RI� LQWHUIDFH� EHWZHHQ� WKH�
�OHJDF\��DSSOLFDWLRQV�DQG�WKH�4R6�QHWZRUN��7KH�55�VHQW�IURP�WKH�($7�LV�SURFHVVHG�DW�
WKH�QHWZRUN�VLGH�E\� WKH�$&$��ZKLFK�FDQ�DFFHSW�RU�UHMHFW� WKH�IORZ�GHSHQGLQJ�RQ� WKH�
DYDLODEOH� UHVRXUFHV�� L�H�� RQ� WKH�SURILOHV�RI� WKH� DOUHDG\�DGPLWWHG� IORZV� �IRU� WKH� VDPH�
7&/��DW�WKH�VDPH�(5��DQG�RQ�WKH�UHOHYDQW�$&�/LPLW��

7KH�SURSRVHG�$&�DOJRULWKPV�DUH�GHULYHG�IURP�WKH�UHVXOWV�GHYHORSHG�LQ�WKH�FRQWH[W�
RI�$70�WUDIILF�FRQWURO��7KH�UHTXHVW�IRU�QHWZRUN�UHVRXUFHV�LV�DFFHSWHG�UHMHFWHG�EDVHG�
RQ� WKH� WUDIILF� GHVFULSWRUV� SURYLGHG� E\� WKH� XVHU�� ,Q� WKH� $48,/$� DUFKLWHFWXUH� WKH�
DGPLVVLRQ� GHFLVLRQ� LV� PDGH� RQO\� DW� WKH� QHWZRUN� LQJUHVV� DQG�� LQ� VRPH� FDVHV�� DW� WKH�
HJUHVV�SRLQW��7KLV�PDNHV�WKH�$&�GHFLVLRQ�PRUH�FULWLFDO��DV�OLQN�E\�OLQN�YHULILFDWLRQ�RI�
UHVRXUFH�DYDLODELOLW\�LV�QRW�SRVVLEOH��7R�SHUIRUP�WKH�DGPLVVLRQ�FRQWURO�DW�WKH�LQJUHVV�RU�
HJUHVV�WKH�VLQJOH�OLQN�PRGHO�ZDV�FRQVLGHUHG�ZLWK�FDSDFLW\�&��$&�OLPLW��DQG�EXIIHU�VL]H�
%��)XUWKHUPRUH�� IRU�VLPSOLFLW\�� WKH� LVRODWLRQ�EHWZHHQ�DOO� WUDIILF�FODVVHV�ZDV�DVVXPHG��
,Q� IDFW�� WKH�7&/���FODVV�KDV� LPSDFW�RQ�RWKHU� FODVVHV� DV� LW� LV� VHUYHG�ZLWK� WKH�KLJKHVW�
SULRULW\� �VHH� VHFWLRQ� ���� :KHQHYHU� EHORZ� DUH� PHQWLRQHG� SDUDPHWHUV� &� RU� %�� WKH\�
FRUUHVSRQG�WR�WKH�FDSDFLW\�DQG��EXIIHU�VL]H�GHGLFDWHG�WR�VHUYH�WKH�JLYHQ�WUDIILF�FODVV��,Q�
WKH�IROORZLQJ��GHWDLOV�DERXW�WKH�$&�XVHG�LQ�$TXLOD�DUH�SURYLGHG��

��



$GPLVVLRQ�FRQWURO�DOJRULWKP�IRU�7&/����
�
7KH� 7&/��� FODVV� XVHV� SHDN� UDWH� DOORFDWLRQ� VFKHPH� >�@�� $� IORZ� LQ� WKLV� FODVV� LV�
FKDUDFWHULVHG� E\� WKH� SDUDPHWHUV�RI� VLQJOH� WRNHQ�EXFNHW� DOJRULWKP� WKDW� FRUUHVSRQG� WR�
WKH� SHDN� ELW� UDWH� �3%5�� DQG� SHDN� ELW� UDWH� WROHUDQFH� �3%57��� ,Q� WKH� $48,/$�
DUFKLWHFWXUH�� WKH� 7&/��� WUDIILF� LV� VHUYHG� ZLWK� WKH� KLJKHVW� SULRULW\�� 7DNLQJ� WKLV� LQWR�
DFFRXQW�� LW� FDQ� EH� DVVXPHG� WKDW� WKH� 7&/��� VWUHDPV� KDYH� QHJOLJLEOH� SDFNHW� GHOD\�
YDULDWLRQ�>��@��&RQVHTXHQWO\�� WKH�ZRUVW�FDVH�WUDIILF�SDWWHUQ�IRU�WKH�VXSHUSRVLWLRQ�RI�D�
QXPEHU�RI�7&/���IORZV�WDNHV�WKH�IRUP�RI�SRLVVRQLDQ�VWUHDP��ZLWK�WKH�PHDQ�UDWH�HTXDO�
WR� WKH� VXP� RI� WKH� 3%5� SDUDPHWHUV� RI� WKH� SDUWLFXODU� IORZV��/HW� XV� DVVXPH� WKDW� WKH�
FDSDFLW\� GHGLFDWHG� IRU� 7&/��� FODVV� LV�&��� ,Q� WKH� FDVH��ZKHQ�1�� IORZV�ZLWK� ^3%5���
3%5���«��3%51�`�DUH�FXUUHQWO\�LQ�SURJUHVV���D�QHZ�IORZ�GHFODULQJ�3%5QHZ�DV�LWV�SHDN�
UDWH�LV�DGPLWWHG�LI�WKH�IROORZLQJ�FRQGLWLRQ�LV�VDWLVILHG��
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3DUDPHWHU�r��r����VSHFLILHV�WKH�DGPLVVLEOH�ORDG�RI�FDSDFLW\�DOORFDWHG�WR�WKH�7&/���
FODVV��7KH�YDOXH�RI�r� LV� FDOFXODWHG� IURP� WKH�DQDO\VLV�RI�0�'���%�V\VWHP� WDNLQJ� LQWR�
DFFRXQW�WKH�DVVXPHG�WDUJHW�SDFNHW�ORVV�UDWLR�DQG�EXIIHU�VL]H�>�@��

$GPLVVLRQ�FRQWURO�DOJRULWKP�IRU�7&/���
�
,Q� FDVH� RI� 7&/��� WUDIILF� FODVV� WKH�5(0� �5DWH� (QYHORSH�0XOWLSOH[LQJ��PXOWLSOH[LQJ�
VFKHPH� LV� DVVXPHG� IRU� JXDUDQWHHLQJ� ORZ�SDFNHW� GHOD\� >�@��7KHUHIRUH�� WKH� RQO\�4R6�
SDUDPHWHU� WKDW� UHTXLUHV�FRQFHUQ� LV� WKH�SDFNHW� ORVV�UDWH�� ,Q� WKH�5(0�PXOWLSOH[LQJ�WKH�
EXIIHU� �UHODWLYHO\� VPDOO�� KDV� WR� EH� GLPHQVLRQHG� IRU� DEVRUELQJ�� VR� FDOOHG�� WKH� SDFNHW�
VFDOH� FRQJHVWLRQ� �VLPXOWDQHRXV� DUULYDO� RI� SDFNHWV� IURP� GLIIHUHQW� VRXUFHV��� )RU� WKLV�
SXUSRVH�WKH�1
'�'���TXHXLQJ�V\VWHP�DQDO\VLV�LV�XVHIXO��,Q�WKH�7&/���FODVV��HDFK�IORZ�
LV�FKDUDFWHULVHG�E\�WKH�SDUDPHWHUV�RI�WKH�'XDO�7RNHQ�%XFNHW��WKH�SHDN�ELW�UDWH��3%5��
MRLQWO\� ZLWK� WKH� SHDN� ELW� UDWH� WROHUDQFH� �3%57�� DQG� WKH� VXVWDLQDEOH� ELW� UDWH� �6%5��
MRLQWO\�ZLWK� WKH�EXUVW� VL]H��%66��� ,W� LV�FRPPRQO\�EHOLHYHG� WKDW� WKH�ZRUVW�FDVH� WUDIILF�
SDWWHUQ� IRU� JLYHQ� YDOXHV� RI� 3%5�� 6%5� DQG�%66� LV� RI�21�2))� W\SH�� 7KH� SURSRVHG�
DGPLVVLRQ�PHWKRG�IRU�7&/���LV�EDVHG�RQ�WKH�QRWLRQ�RI�HIIHFWLYH�EDQGZLGWK��2QH�PD\�
ILQG�D�QXPEHU�RI�PHWKRGV�IRU�FDOFXODWLQJ�HIIHFWLYH�EDQGZLGWK�>�@��)RU� LWV�VLPSOLFLW\��
WKH�PHWKRGV�SURSRVHG� LQ� >��@�ZDV�FKRVHQ� IRU�$48,/$��,Q� WKLV�PHWKRG�WKH�YDOXH�RI�
HIIHFWLYH� EDQGZLGWK�� (II����� LV� FDOFXODWHG� RQ� WKH� EDVHV� RI� � 3%5�� 6%5� DQG� %66�
SDUDPHWHUV�WDNLQJ�LQWR�DFFRXQW�WKH�WDUJHW�SDFNHW�ORVV�UDWH��

�/HW�XV�DVVXPH�WKDW�WKH�FDSDFLW\�GHGLFDWHG�IRU�7&/���FODVV�LV�&���,Q�WKH�FDVH��ZKHQ�
1��IORZV�ZLWK�^(II�����(II�����«��(II�1��`�DUH�FXUUHQWO\�LQ�SURJUHVV���D�QHZ�IORZ�ZLWK�
(II�QHZ��LV�DGPLWWHG�LI�WKH�IROORZLQJ�FRQGLWLRQ�LV�VDWLVILHG��
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$GPLVVLRQ�FRQWURO�DOJRULWKP�IRU�7&/���
�
,Q�WKH�FDVH�RI�7&/����HDFK�IORZ�LV�FKDUDFWHULVHG�E\�SDUDPHWHUV�RI�VLQJOH�WRNHQ�EXFNHW�
DOJRULWKP�WKDW�FRUUHVSRQG�WR�WKH�VXVWDLQHG�ELW�UDWH��6%5��DQG�WKH�EXUVW�VL]H��%66���7KH�
%66�YDOXHV�IRU�W\SLFDO�IORZV�DFFHVVLQJ�7&/���DUH�H[SHFWHG�UDWKHU�ODUJH��DOORZLQJ�IRU�D�
KLJK�YDULDELOLW\�RI�VXEPLWWHG�WUDIILF��$V�D�GLIIHUHQFH�ZLWK�RWKHU�7&/V��WKH�GHFODUDWLRQ�
RI� WKH�3%5�SDUDPHWHU� LV�RPLWWHG��VR� WKDW�WKH�3%5�ZLOO�EH�RQO\�OLPLWHG�E\�WKH�DFFHVV�
OLQNV�VSHHG�DQG�LQWULQVLF�7&3�G\QDPLFV���

7DNLQJ� LQWR� DFFRXQW� WKDW� WKH� WUDIILF� IORZV� VXEPLWWHG� WR� 7&/��� FODVV� DUH� 7&3�
FRQWUROOHG�� RQO\� URXJK� 4R6� JXDUDQWHHV� DUH� DVVXPHG� WR� EH� SURYLGHG�� 7KHUHIRUH�� DQ�
DGPLVVLRQ�FRQWURO�PHWKRG�WKDW�PD[LPLVHV�WKH�QHWZRUN�XWLOLVDWLRQ�FDQ�EH�HPSOR\HG�LQ�
WKLV�FDVH���

/HW�XV�DVVXPH�WKDW�WKH�FDSDFLW\�GHGLFDWHG�IRU�7&/���FODVV�LV�&���,Q�WKH�FDVH��ZKHQ�
1�� IORZV�ZLWK� ^�6%5���%66���� �6%5���%66����«�� �6%51���%661��`� DUH� FXUUHQWO\� LQ�
SURJUHVV�� � D� QHZ� IORZ� GHFODULQJ� �6%5QHZ�� %66QHZ�� LV� DGPLWWHG� LI� WKH� IROORZLQJ�
FRQGLWLRQ�LV�VDWLVILHG��
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$GPLVVLRQ�FRQWURO�DOJRULWKP�IRU�7&/���
�
,Q� WKH�7&/����D� IORZ�LV�FKDUDFWHULVHG�E\�SDUDPHWHUV�RI�GXDO� WRNHQ�EXFNHW�DOJRULWKP��
VLPLODUO\� DV� LQ� WKH� FDVH� RI� 7&/��� FODVV�� 7KH� SURSRVHG� DGPLVVLRQ� FRQWURO� DOJRULWKP�
DLPV�WR�SURYLGH�WKH�VHUYLFH�UDWH�WKDW�ZLOO�JXDUDQWHH�YLUWXDOO\�QR�SDFNHW�ORVVHV���

/HW�XV�DVVXPH�WKDW�WKH�FDSDFLW\�GHGLFDWHG�IRU�7&/���FODVV�LV�&���,Q�WKH�FDVH��ZKHQ�
1��IORZV�ZLWK�^(II�����(II�����«��(II�1��`�DUH�FXUUHQWO\�LQ�SURJUHVV���D�QHZ�IORZ�ZLWK�
(II�QHZ��LV�DGPLWWHG�LI�WKH�IROORZLQJ�FRQGLWLRQ�LV�VDWLVILHG��
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7KH�HIIHFWLYH�EDQGZLGWK�LQ�WKLV�FDVH�LV�FDOFXODWHG�E\��VHH�>��@����
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��� ([SHULPHQWDO�UHVXOWV�

7KLV� VHFWLRQ�SUHVHQWV� H[SHULPHQWDO� UHVXOWV� >��@� LOOXVWUDWLQJ�TXDOLW\�RI� VHUYLFH�RIIHUHG�
E\�WZR�VHOHFWHG�7&/V�GHILQHG�LQ�$48,/$�L�H��7&/���DQG�7&/����7KHVH��FODVVHV�DUH�



GHVLJQDWHG�IRU�GLIIHUHQW�WUDIILF�W\SHV��IRU�VWUHDPLQJ��3&%5�16��DQG�HODVWLF��300�16��
WUDIILF��

7KH�H[SHULPHQWV�ZHUH�FDUULHG�RXW�LQ�WKH�$48,/$�WHVWEHG��VHH�)LJ�����LQVWDOOHG�LQ�
3ROLVK� 7HOHFRP� DW� :DUVDZ�� 7KH� WHVW� WRSRORJ\� FRQVLVWV� RI� �� &,6&2� URXWHUV� �RI�
GLIIHUHQW�W\SHV��FRQQHFWHG�LQ�WKH�IRUP�RI�WKH�FKDLQ�IRU�DFKLHYLQJ�ODUJH�QXPEHU�RI�KRSV��
7KH� HQG� WHUPLQDOV� DUH� FRQQHFWHG� WR� WKH� HGJH� URXWHUV� E\� (WKHUQHW� SRUWV�� 7KH� DFFHVV�
OLQNV� �GHSOR\HG� EHWZHHQ� WKH� HGJH� URXWHU� DQG� WKH� ILUVW� FRUH� URXWHU�� DUH�RI� UDWKHU� ORZ�
VSHHG� ��� 0ESV��� 7KH� KLJKHU� FDSDFLW\� OLQNV� ���� DQG� ���� 0ESV�� FRQQHFW� WKH� FRUH�
URXWHUV��7KH�IROORZLQJ�W\SHV�RI�URXWHUV�DUH�LQVWDOOHG�LQ�WKH�WHVWEHG��WZR�HGJH�URXWHUV���
������DT����B���DQG�������DT����B������FRUH�URXWHUV���������DT����B���DT����B���
DT����B���� DQG� ����� �DT����B��� DT����B��� DT����B���� 'HWDLOV� DERXW� URXWHU�
FRQILJXUDWLRQ�YDOXHV�FDQ�EH�IRXQG�LQ�>��@��
�

DTB����B�,QWHUQHW

DTB����B�

DTB����B�

DTB����B�

DTB����B�

DTB����B�

DTB����B�DTB����B�

3&�
*36

3&�

3&�

3&�

3&�
*36

3&�

681� 681� 681�

5&$

$&$
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0HDVXUHPHQW

6HUYHU

3&�
*36
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���0ESV

���0ESV

��0ESV

��0ESV

��0ESV

$QWHQQD
*36

+3
%676 �

)LJ�����$48,/$�WHVWEHG�FRQILJXUDWLRQ��3&����±�WHUPLQDOV��681����±�681�:RUN�6WDWLRQV�ZLWK�
LPSOHPHQWHG�5&$��$&$�DQG�($7�PRGXOHV��DTB������DTB������DTB�����±�&,6&2�URXWHUV�

����� 5HVXOWV�IRU�7&/���

7&/���FODVV�ZDV�WHVWHG�DVVXPLQJ�WKDW�WKH�SDFNHW�WUDIILF�VXEPLWWHG�WR�WKLV�FODVV�LV�WKH�
PD[LPXP� WUDIILF� DOORZHG� E\� WKH� DGPLVVLRQ� FRQWURO�� 7KH� WHVW� WUDIILF� �7&/���� ZDV�
PRGHOOHG�E\�D�3RLVVRQ�SURFHVV�ZLWK�FRQVWDQW�SDFNHW�OHQJWK��6XFK�WUDIILF�UHSUHVHQWV�WKH�
ZRUVW�FDVH�RI�WKH�VXSHUSRVLWLRQ�RI�ODUJH�QXPEHU�RI�&%5�VWUHDPV��7R�WDNH�LQWR�DFFRXQW�
WKH�LPSDFW�RI�RWKHU�FODVV�WUDIILF�RQ�WKH�7&/���SDFNHWV��EDFNJURXQG�WUDIILF�ZDV�DGGHG��



7KH�EDFNJURXQG�WUDIILF�ZDV�VXIILFLHQW�WR�ORDG�WKH�UHVW�RI�OLQN�FDSDFLW\�QRW�GHGLFDWHG�WR�
7&/�����

,Q�WKH�IROORZLQJ�H[SHULPHQWV������NESV�RI�WKH�DFFHVV�OLQN�FDSDFLW\�ZDV�UHVHUYHG�IRU�
7&/���� )XUWKHUPRUH�� WKH� 7&/��� EXIIHUV� LQ� WKH� URXWHUV� ZHUH� VHW� WR� �� SDFNHWV� WR�
JXDUDQWHH� ORZ�SDFNHW�GHOD\� UHTXLUHPHQWV��7KH�SHUIRUPDQFH�RI�7&/���ZDV�YDOLGDWHG�
DVVXPLQJ� WDUJHW� SDFNHW� ORVV� UDWLR� �3ORVV�� WR� EH� ������ $FFRUGLQJ� WR� WKH� VSHFLILHG�
DGPLVVLRQ� FRQWURO� DOJRULWKP� WKH�PD[LPXP� DGPLVVLEOH� ORDG� LQ� WKLV� FDVH� �DFF�� WR� WKH�
0�'���V\VWHP�DQDO\VLV�>�@��LV�r �������ZKDW�LV�HTXLYDOHQW�WR�����NESV��

7KH�IRUHJURXQG�WUDIILF�ZDV�WUDQVPLWWHG�EHWZHHQ�3&��DQG�3&��WHUPLQDOV��VHH�)LJ�����
�� ZKLOH� WKH� EDFNJURXQG� WUDIILF� ZDV� JHQHUDWHG� RQO\� RQ� WKH� DFFHVV� OLQN� �EHWZHHQ�
DTB����B��DQG�DTB����B�� URXWHUV�±�VHH�)LJ�����7KH�EDFNJURXQG�WUDIILF�ZDV�FUHDWHG�
E\�D�PL[�RI�SDFNHWV�ZLWK�GLIIHUHQW�OHQJWKV�����ZLWK����E\WHV������ZLWK�����E\WHV�DQG�
����ZLWK������E\WHV��%RWK�IRUHJURXQG�DQG�EDFNJURXQG�WUDIILF�ZDV�WUDQVPLWWHG�XVLQJ�
8'3�SURWRFRO���

7KH�FKDUDFWHULVWLF�RI�SDFNHW�ORVV�UDWH�DV�D�IXQFWLRQ�RI�WKH�7&/���WUDIILF�YROXPH�LV�
UHSRUWHG�LQ�)LJ����2QH�FDQ�REVHUYH�WKDW�WKH�PHDVXUHG�YDOXH�RI�SDFNHW�ORVV�UDWH�DUH�LQ�
WKH�UDQJH�RI������DQG�WKH\�DUH�VLJQLILFDQWO\�EHORZ�WKH�DVVXPHG�WDUJHW�YDOXH������HYHQ�
IRU� WKH� ORDG� DERYH� WKH� DGPLVVLRQ� UHJLRQ� ����� NESV��� 7KLV� LV� UDWKHU� H[SHFWHG� UHVXOW�
VLQFH�WKH�7&/���WUDIILF�LV�VHUYHG�ZLWK�KLJKHU�SULRULW\�ZLWK�WKH�HIIHFWLYH�VHUYLFH�UDWH�RI�
��0ESV� �LQVWHDG� RI� ���� NESV� DV�ZDV� DVVXPHG� IRU� WKH� DGPLVVLRQ� FRQWURO� DOJRULWKP���
$Q\ZD\�� LQFUHDVLQJ� 7&/��� WUDIILF� DERYH� WKH� DVVXPHG� OLPLW� ����� NESV�� LV� D� ELW�
GDQJHURXV� VLQFH� WKLV� FDQ� GHJUDGH� WKH� TXDOLW\� H[SHULHQFHG� E\� SDFNHWV� FDUULHG� LQ� ORZ�
SULRULW\�FODVVHV� �H�J��7&/�����7KH� UHFRPPHQGHG�DGPLVVLEOH� ORDG�RI�7&/���WUDIILF� LV�
DSSUR[LPDWHO\������RI�WRWDO�OLQN�FDSDFLW\��
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DGPLVVLRQ�
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QRQ�DGPLVVLRQ�

UHJLRQ

�
)LJ�����3DFNHW�ORVV�UDWH�YV��7&/���WUDIILF�ORDG�

�
7KH�FKDUDFWHULVWLFV�RI�RQH�ZD\�SDFNHW�GHOD\�DV�D�IXQFWLRQ�RI�7&/���SDFNHW�OHQJWK�

DUH�GHSLFWHG�RI�)LJ����7KHVH�FXUYHV�ZHUH�PHDVXUHG�DVVXPLQJ�WKDW�3RLVVRQ�WUDIILF�ZLWK�
WKH� UDWH� HTXDO� WR� ���� NESV� �XS� WR� DGPLVVLRQ� OLPLW��ZDV� VXEPLWWHG� WR�7&/���� ,Q� WKLV�



FDVH��WKH�EDFNJURXQG�WUDIILF�ZDV�RI�21�2))�W\SH�DQG�VXEPLWWHG�LQGHSHQGHQWO\�WR�HDFK�
LQWHUPHGLDWH� OLQN� �VHH�)LJ�����ZLWK� WKH�SHDN� UDWHV�HTXDO� WR� WKH�DSSURSULDWH� OLQN� UDWHV��
6XFK� W\SH� RI� WUDIILF� SURGXFHV�PD[LPXP�SDFNHW� GHOD\� IRU� WKH� IRUHJURXQG� WUDIILF� DQG�
WKLV� LV� FDXVHG� E\� WUDQVPLVVLRQ� EXIIHU� LPSOHPHQWHG� LQ� &,6&2� URXWHUV� >��@�� � 7KH�
PD[LPXP�REVHUYHG� GHOD\� LV� EHORZ����PV��7KLV� YDOXH� LV� DFFHSWDEOH� IRU� DSSOLFDWLRQV�
OLNH� IRU� H[DPSOH� YRLFH� WUDQVPLVVLRQ�� WKDW� WROHUDWHV� GHOD\� LQ� WKH� RUGHU� RI� ���� PV��
FRQVLGHULQJ�WKDW�FRGHF�DQG�SDFNHWLVDWLRQ�GHOD\�KDV�WR�EH�DGGHG��
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$YJ��'HOD\

�
)LJ�����2QH�ZD\�GHOD\�YV��7&/���SDFNHW�OHQJWK�

����� 5HVXOWV�IRU�7&/���

7KH� 7&/���ZDV�PDLQO\� GHILQHG� IRU� HIIHFWLYH� VXSSRUW� RI� 7&3�FRQWUROOHG� IORZV�� 7KH�
REMHFWLYH�IRU�WKLV�VHUYLFH�LV�WR�JXDUDQWHH�D�PLQLPXP�WKURXJKSXW�WR�WKH�7&3�IORZV��7KH�
PHDVXUHPHQW� UHVXOWV� UHSRUWHG� LQ� WKLV� VHFWLRQ�ZHUH�REWDLQHG� DVVXPLQJ� WKDW� WKH� WUDIILF�
JHQHUDWHG�E\�D�QXPEHU�RI�7&3�JUHHG\�VRXUFHV��EHWZHHQ�3&��DQG�3&��±�VHH�)LJ����LV�
VXEPLWWHG�WR�WKH�FODVV�LQ�TXHVWLRQ��7KH�EDFNJURXQG�WUDIILF�RI�&%5�W\SH�LV�VXEPLWWHG�WR�
RWKHU�QHWZRUN�VHUYLFHV�ZLWK�WKH�PD[LPXP�SRVVLEOH�UDWH�FRUUHVSRQGLQJ�WR�WKH�DVVLJQHG�
FDSDFLW\� IRU� JLYHQ� VHUYLFH�� ,Q� WKLV� ZD\� WKH� FDSDFLW\� DYDLODEOH� IRU� WKH� WHVW� 7&3�
FRQQHFWLRQV�LV�OLPLWHG�WR�WKH�FDSDFLW\�DOORFDWHG�WR�7&/����,Q�WKH�FRQVLGHUHG�FDVH�WKLV�
FDSDFLW\� LV� ����NESV�ZLWK� WDUJHW�XWLOLVDWLRQ� IDFWRU�HTXDO� WR�����ZKDW�JLYHV�����NESV��
1RWLFH�WKDW�WKH�RXW�RI�SURILOH�SDFNHWV�LQ�300�VHUYLFH�DUH�QRW�GURSSHG��&RQVHTXHQWO\��
WKH�FRQVLGHUHG�JUHHG\�7&3�IORZV�FDQ�DFKLHYH�KLJKHU�UDWH�WKDQ�UHTXHVWHG�E\�WKH�6%5�
SDUDPHWHUV���

7KH�JRRGSXW�FKDUDFWHULVWLFV�DV�D�IXQFWLRQ�RI�EHVW�HIIRUW�WUDIILF�IRU�WKH�FDVH�RI�IRXU�
7&3� IORZV�ZLWK� GLIIHUHQW� GHFODUHG� �DQG� SROLFHG�� 6%5�YDOXHV� DUH�GHSLFWHG�RQ�)LJ����
7KH� DVVLJQHG� 6%5� YDOXHV� ZHUH� DV� IROORZV�� ����� ����� ��� DQG� ���� NESV�� 2QH� FDQ�
REVHUYHG� WKDW� WKH�DYDLODEOH�FDSDFLW\� IRU�7&/���LV�HIIHFWLYHO\�XVHG�E\� WKH�FRQVLGHUHG�
7&3�FRQQHFWLRQV��:KHQ�WKH�EDFNJURXQG�WUDIILF�H[FHHGV�D�WKUHVKROG��LQ�WKLV�FDVH�����
NESV�� WKH� DYDLODEOH� FDSDFLW\� LV� OLPLWHG� WR� ���� NESV� �WKH� FDSDFLW\� GHGLFDWHG� WR� WKLV�



VHUYLFH���0RUHRYHU� WKLV�FDSDFLW\� LV� VKDUHG�EHWZHHQ�7&3�IORZV� LQ�SURSRUWLRQ� WR� WKHLU�
GHFODUHG�6%5�UDWHV��)RU�H[DPSOH��WKH�FRQQHFWLRQV�ZLWK�6%5 ����JHWV�����NESV�ZKLOH�
WKH�FRQQHFWLRQ�ZLWK�6%5 ���JHWV�RQO\����NESV��
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�
)LJ�����7&3�JRRGSXW�YV��7&/���WUDIILF�UDWH�

����� ,PSDFW�RI�7&/���RQ�7&/����

7KH� LPSDFW�RI�7&/��� WUDIILF�RQ�7&/��� LV� LOOXVWUDWHG�RQ�)LJ���� VKRZLQJ� WKH�JRRGSXW�
FKDUDFWHULVWLFV� RI� 7&3� IORZ� �� DQG� �� � DV� D� IXQFWLRQ� RI� 7&/��� WUDIILF� ORDG��2QH� FDQ�
REVHUYH� WKDW� LQFUHDVLQJ� WKH�7&/��� WUDIILF� ORDG�DERYH� WKH�DGPLVVLRQ� OLPLW� �����NESV��
GHFUHDVHV�WKH�FDSDFLW\�DYDLODEOH�IRU�7&/���DQG��DV�D�FRQVHTXHQFH�WKH�JRRGSXW�RI�7&3�
IORZV�FDQ�EH� OHVV� WKDQ� WKH�UHTXHVWHG�UDWHV��6%5�YDOXHV��� ,Q� WKH�FRQVLGHUHG�FDVH��WKLV�
HIIHFWV�RFFXUV�ZKHQ�7&/���WUDIILF�LV�DERXW�����NESV��7KLV�LV�FDXVHG�E\�WZR�IDFWRUV������
WKHUH�DUH�����NESV�QRW�DVVLJQHG�WR�DQ\�QHWZRUN�VHUYLFH�DQG�����WKH�WDUJHW�XWLOLVDWLRQ�IRU�
7&/���LV������
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*RRGSXW�RI�7&/���IORZ��
6%5�YDOXH�IRU�IORZ��
*RRGSXW�RI�7&/���IORZ��
6%5�YDOXH�IRU�IORZ��

DGPLVVLRQ�OLPLW�IRU

7&/���WUDIILF�

�XS�WR�����NESV��

�
)LJ�����7&3�JRRGSXW�RI�IORZV��	��YV��7&/���WUDIILF�UDWH�



��� &RQFOXVLRQV�DQG�IXWXUH�ZRUN�

,Q�WKH�SDSHU�WKH�WUDIILF�KDQGOLQJ�PHFKDQLVPV�IRUFHG�LQ�WKH�$48,/$�4R6�,3�QHWZRUN�
ZHUH�GHVFULEHG��7KH\�FRUUHVSRQG�WR�GLIIHUHQW�WLPH�VFDOHV��IURP�PLOOLVHFRQGV�WR�KRXUV�
RU� GD\V��� 7KH� LQFOXGHG� SUHOLPLQDU\� PHDVXUHPHQW� UHVXOWV� REWDLQHG� LQ� WKH� $48,/$�
WHVWEHG�FRQILUP�WKDW�E\�DGGLQJ�QHZ�IXQFWLRQDOLWLHV�LQWR�WKH�H[LVWLQJ�,3�QHWZRUN�WKHUH�LV�
D� SRVVLELOLW\� WR� GHILQH� D� VHW� RI� WUDIILF� FODVVHV� RIIHULQJ� GLIIHUHQWLDWHG� 4R6�� 7KHVH�
H[SHULPHQWV� ZHUH� PDLQO\� IRFXVHG� RQ� WKH� HYDOXDWLRQ� RI� 4R6� FRUUHVSRQGLQJ� WR� WKH�
SDFNHW�DQG�IORZ�OHYHO��DQG�ZHUH�SURYLGHG�IRU�WZR�UHSUHVHQWDWLYH�WUDIILF�FODVVHV��7&/���
DQG�7&/����GHVLJQDWHG�IRU�GLIIHUHQW�W\SHV�RI�WUDIILF��QRQ�UHDFWLYH�DQG�UHDFWLYH����

7KH�IROORZLQJ�FRQFOXVLRQV�FDQ�EH�RXWOLQHG����
�

� 7KH�LVRODWLRQ�EHWZHHQ�GLIIHUHQW�WUDIILF�FODVVHV�FDQ�EH�HIIHFWLYHO\�SURYLGHG�
E\�VFKHGXOLQJ�PHFKDQLVPV�LPSOHPHQWHG�LQ�WKH�URXWHUV����

� 7KH� UHDFWLYH� DQG� QRQ�UHDFWLYH� WUDIILF� VKRXOG� EH� GHILQLWLYHO\� VXEPLWWHG� WR�
GLIIHUHQW�WUDIILF�FODVVHV�IRU�PHHWLQJ�DVVXPHG�4R6�REMHFWLYHV��

� 'LIIHUHQW� WUDIILF� FODVVHV� UHTXLUH� GLIIHUHQW� WUDIILF� FKDUDFWHULVDWLRQV� DQG�
GLIIHUHQW�DGPLVVLRQ�FRQWURO�DOJRULWKPV��

� 7KH� DVVXPHG� DGPLVVLRQ� FRQWURO� DOJRULWKPV� IRU� WKH� WHVWHG� WUDIILF� FODVVHV�
ZRUN�DFFRUGLQJ�WR�WKH�H[SHFWDWLRQV��

�
7KH� FXUUHQWO\� RQJRLQJ�ZRUN� LQ� $48,/$�PDLQO\� IRFXVHV� RQ� IXUWKHU� WULDOV� RQ� WKH�

RWKHU� 7&/V� �7&/��� DQG� 7&/����� DQG� RQ� WKH� HYDOXDWLRQ� RI� WKH� WUDIILF� KDQGOLQJ�
PHFKDQLVPV� DW� DJJUHJDWH� OHYHO� �H�J�� SHUIRUPDQFHV� RI� WKH� 5HVRXUFH� 3RRO� G\QDPLFV��
KDQGOLQJ�RI�5HVHUYDWLRQ�5HTXHVWV���

)XWXUH�ZRUN�� � IRU� WKH� VHFRQG� SKDVH� RI� WKH�$48,/$�SURMHFW�� LV� WR� FRQVLGHU� LQWHU�
GRPDLQ�DVSHFWV�DQG�WR�LQFOXGH�PHDVXUHPHQWV�LQ�WKH�UHVRXUFH�FRQWURO�LQ�RUGHU�WR�KDYH�D�
IHHGEDFN� IURP� WKH� QHWZRUN� SHUIRUPDQFH� LQWR� WKH� SURYLVLRQLQJ� DQG� UHVRXUFH�
GLVWULEXWLRQ�SKDVH��

5HIHUHQFHV�

���� 6�� %ODNH� HW� DO��� ³$Q� $UFKLWHFWXUH� IRU� 'LIIHUHQWLDWHG� 6HUYLFHV´�� ,QWHUQHW� 5)&� ������
'HFHPEHU�������

���� %�� 'DYLH� HW� DO��� ³$Q� ([SHGLWHG� )RUZDUGLQJ� 3+%´�� ,QWHUQHW� 'UDIW�� GUDIW�LHWI�GLIIVHUY�
UIF����ELV����W[W��$SULO�������

���� <��%HUQHW�HW�DO���$�&RQFHSWXDO�0RGHO�IRU�'LII6HUY�5RXWHUV��,17(51(7�'5$)7��GUDIW�
LHWI�GLIIVHUY�PRGHO����W[W��6HSWHPEHU�������

��� )LQDO� UHSRUW� &267� ����� %URDGEDQG� QHWZRUN� WHOHWUDIILF�� 3HUIRUPDQFH� HYDOXDWLRQ� DQG�
GHVLJQ� RI� EURDGEDQG� PXOWLVHUYLFH� QHWZRUNV� �-�� 5REHUWV�� 8�� 0RFFL�� -�� 9LUWDPR� HGV����
/HFWXUHV�1RWHV�LQ�&RPSXWHU�6FLHQFH�������6SULQJHU�������

��� )LQDO�5HSRUW�&267������,PSDFW�RI�1HZ�6HUYLFHV�RQ�WKH�$UFKLWHFWXUH�DQG�3HUIRUPDQFH�RI�
%URDGEDQG� 1HWZRUNV� �&267� ���� 0DQDJHPHQW� &RPPLWWHH�� 3KXRF� 7UDQ�*LD�� 1RUEHUW�
9LFDUL�HGV����,6%1�1U�����������������FRPSX7($0��:XHU]EXUJ��*HUPDQ\�������



��� 'HOLYHUEOH� '������ 6\VWHP� DUFKLWHFWXUH� DQG� VSHFLILFDWLRQ� IRU� WKH� ILUVW� WULDO�� $48,/$�
SURMHFW�FRQVRUFLXP��KWWS��ZZZ�VW�LQI�WX�GUHVGHQ�GH�$TXLOD���-XQH���������

��� 'HOLYHUDEOH�'������6SHFLILFDWLRQ�RI� WUDIILF�KDQGOLQJ� IRU� WKH� ILUVW� WULDO��$48,/$�SURMHFW�
FRQVRUWLXP��KWWS��ZZZ�VW�LQI�WX�GUHVGHQ�GH�$TXLOD���6HSWHPEHU���������

��� 'HOLYHUDEOH�'������5HSRUW�RQ�WKH�GHYHORSPHQW�RI�PHDVXUHPHQW�XWLOLWLHV�IRU�WKH�ILUVW�WULDO��
$48,/$�SURMHFW�FRQVRUWLXP��KWWS��ZZZ�VW�LQI�WX�GUHVGHQ�GH�$TXLOD���6HSWHPEHU���������

��� 'HOLYHUDEOH� '������ )LUVW� 7ULDO� ,QWHJUDWLRQ� 5HSRUW�� $48,/$� SURMHFW� FRQVRUWLXP��
KWWS��ZZZ�VW�LQI�WX�GUHVGHQ�GH�$TXLOD���0DUFK���������

���� 'HOLYHUDEOH�'������)LUVW�7ULDO�5HSRUW��$48,/$�SURMHFW�FRQVRUWLXP��'UDIW�YHUVLRQ��$SULO�
�������

���� )�� %ULFKHW� HW� DO��� 6WRFKDVWLF� RUGHULQJ� DQG� WKH� QRWLRQ� RI� QHJOLJLEOH� &'9�� 3URF�� RI� ��WK�
,QWHUQDWLRQDO�7HOHWUDIILF�&RQJUHVV��:DVKLQJWRQ�'�&���86$��������

���� .��/LQGEHUJHU��'LPHQVLRQLQJ�DQG�GHVLJQ�PHWKRGV�IRU�LQWHJUDWHG�$70�QHWZRUNV��3URF��RI�
��WK�,QWHUQDWLRQDO�7HOHWUDIILF�&RQJUHVV��$QWLEHV��������

���� $��(OZDOLG�HW�DO���$�QHZ�DSSURDFK�IRU�DOORFDWLQJ�EXIIHUV�DQG�EDQGZLGWK�WR�KHWHURJHQHRXV��
UHJXODWHG�WUDIILF�LQ�DQ�$70�QRGH��,(((�-RXUQDO�RQ�6HOHFWHG�$UHDV�LQ�&RPPXQLFDWLRQV��S��
������������������

�


